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,QVHFW SDUDVLWRLGV DUH DPRQJ RQH RI WKH PRVW
GLYHUVH JURXSV RI LQVHFWV H[KLELWLQJ D YDULHW\ RI
OLIHKLVWRU\ VWUDWHJLHV WKDW KDYH IDVFLQDWHG PDQ\
UHVHDUFKHUV LQ HYROXWLRQDU\ DQG EHKDYLRUDO
HFRORJ\ *DXOG DQG %ROWRQ  *RGIUD\ 
+DZNLQV DQG 6KHHKDQ  4XLFNH 
3DUDVLWRLGV FDQ DOVR SOD\ DQ HVVHQWLDO UROH LQ
FRQWUROOLQJ LQVHFW KHUELYRUH SRSXODWLRQV ZKLFK
PDNHV WKLV JURXS RI LQVHFWV LPSRUWDQW IRU PDQ\
DSSOLHG HQWRPRORJLVWV 5HYHDOLQJ WKH OLIHKLVWRU\
FKDUDFWHULVWLFV RI SDUDVLWRLGV LV WKH SULPDU\
DSSURDFK WR DVVHVV WKHLU LPSRUWDQFH DQG
HIIHFWLYHQHVV DV QDWXUDO HQHPLHV DJDLQVW LQVHFW
SHVWV -HUYLV DQG .LGG  +DZNLQV DQG &RUQHOO
 7KXV SDUDVLWRLG OLIH KLVWRU\ KDV EHHQ
VWXGLHG IURP ERWK EDVLF DQG DSSOLHG SRLQWV RI
YLHZ
5HSURGXFWLYH HFRORJ\ LQ SDUDVLWRLGV KDV EHHQ RI
JUHDW LQWHUHVW EHFDXVH LW LV D PDMRU FRPSRQHQW RI
WKHLU OLIH KLVWRU\ DV LW UHODWHV WR HJJ SURGXFWLRQ
DQG IHPDOH IHFXQGLW\ 3ULFH   4XLFNH
 3DSDM  1XWULWLRQ LV WKH VLQJOH PRVW
LPSRUWDQW IDFWRU LQIOXHQFLQJ HJJ SURGXFWLRQ DQG
IHPDOH IHFXQGLW\ WKH DPRXQW RI UHVRXUFHV
DYDLODEOH WR WKH IHPDOH IURP KHU RZQ ODUYDO DQG
DGXOW IHHGLQJ ODUJHO\ GHWHUPLQHV KHU UHSURGXFWLYH
SRWHQWLDO *RGIUD\  4XLFNH  7KRPSVRQ
 3DSDM 5LYHURHWDO
7KH LQIOXHQFH RI ODUYDO QXWULWLRQ XVXDOO\
PHDVXUHG DV KRVW VL]H RU ZDVS VL]H RQ IHFXQGLW\
KDV EHHQ ZLGHO\ LQYHVWLJDWHG ,Q PRVW FDVHV WKH
IHFXQGLW\ RI IHPDOH SDUDVLWRLGV LV FRUUHODWHG ZLWK
WKHLU ERG\ VL]H DQG KHQFH ZLWK WKH DPRXQW RI
VWRUHG QXWULHQW UHVHUYHV DFTXLUHG GXULQJ WKH ODUYDO
VWDJH HJ :DDJH DQG *RGIUD\  *RGIUD\
 +DUYH\ HW DO  9LVVHU  7KXV
ODUYDOQXWULWLRQLVLPSRUWDQWLQRRJHQHVLV
$GXOW QXWULWLRQ LV DOVR LPSRUWDQW LQ IHPDOH
UHSURGXFWLRQ $GXOW SDUDVLWRLGV DIWHU HFORVLRQ
JHQHUDOO\ UHTXLUH IRRG WR VXVWDLQ IRUDJLQJ DFWLYLW\
DQG WR LQLWLDWH DQG PDLQWDLQ RRJHQHVLV -HUYLV DQG
.LGG  +HLPSHO DQG &ROOLHU  -HUYLV HW DO
 7KRPSVRQ  3ODQW PDWHULDOV VXFK DV
IORUDO DQG H[WUDIORUDO QHFWDUV SROOHQV HWF DUH
ZLGHO\ XVHG DV DGXOW IRRG -HUYLV HW DO  
7KRPSVRQ  ,Q DGGLWLRQ WKH DGXOWV RI D
QXPEHU RI K\PHQRSWHUDQ SDUDVLWRLG VSHFLHV XVH
WKHLU KRVW DV IRRG -HUYLV DQG .LGG  +HLPSHO
DQG &ROOLHU  7KRPSVRQ  ,Q VXFK
SDUDVLWRLGV DGXOW IHPDOHV IHHG RQ KRVW ERG\
IOXLGV DQ DFWLRQ FDOOHG 
KRVWIHHGLQJ
 +RVW
IHHGLQJ LV DQ HVVHQWLDO PHDQV RI REWDLQLQJ SURWHLQ
UHVRXUFHV IRU SURGXFLQJ HJJV HJ 6DQGODQ 
&ROOLHU D 5LYHUR DQG &DVDV  8HQR
D 5LYHUR HW DO  ,Q VRPH SDUDVLWRLGV
IHPDOHV FDQQRW SURGXFH DQ\ HJJV RU FDQ SURGXFH
RQO\ D VPDOO IUDFWLRQ RI WKH PD[LPXP QXPEHU RI
HJJV ZKHQ KRVWIHHGLQJ LV QRW DOORZHG /HLXV
 8HQR D +RVWIHHGLQJ FDQ WKHUHIRUH EH
HVVHQWLDOWRIHPDOHUHSURGXFWLRQ
+RZHYHU QRW DOO SDUDVLWRLGV IHHG RQ KRVWV -HUYLV
DQG .LGG  /LIH KLVWRU\ FKDUDFWHULVWLFV LQ D
JLYHQ SDUDVLWRLG VSHFLHV FDQ GHWHUPLQH WKH
LPSRUWDQFH RI DGXOW QXWULWLRQ DQG KRVWIHHGLQJ LQ
D VSHFLHV .RLQRELRQW ODUYDO SDUDVLWRLGV ZKLFK
FDUU\ PDQ\ VPDOO \RONGHILFLHQW HJJV DW HFORVLRQ
DUH PRVWO\ QRQKRVW IHHGHUV -HUYLV DQG .LGG
 -HUYLV HW DO  3DUDVLWRLGV WKDW SURGXFH
ODUJH \RONULFK HJJV ZLOO UHTXLUH UHODWLYHO\ ODUJH
DPRXQWV RI UHVRXUFHV IRU HJJ SURGXFWLRQ DQG
KHQFH QXWULWLRQ DFTXLUHG GXULQJ WKH ODUYDO VWDJH
PD\ FRYHU RQO\ D VPDOO SURSRUWLRQ RI QXWULHQWV
XVHG IRU HJJ SURGXFWLRQ $GXOW QXWULWLRQ DQG
KRVWIHHGLQJ ZRXOG WKXV EH LPSRUWDQW LQ VXFK
SDUDVLWRLGV
3DUDVLWRLGV WKDW SURGXFH UHODWLYHO\ ODUJH \RONULFK
HJJV FDUU\ D UHODWLYHO\ OLPLWHG QXPEHU RI PDWXUH
HJJV DW DQ\ RQH WLPH EHFDXVH WKH PD[LPXP HJJ
ORDG LV UHODWLYHO\ VPDOO DQG EHFDXVH PDWXULQJ
PDQ\ FRVWO\ HJJV DW DQ\ RQH WLPH FRXOG EH
GLIILFXOW ,Q IDFW VXFK SDUDVLWRLGV SURGXFH PDWXUH
HJJV UHSHDWHGO\ GXULQJ WKHLU OLIHWLPH DQG PDQ\ RI
WKHP JDLQ QXWULHQWV IRU HJJ SURGXFWLRQ E\ IHHGLQJ
RQ KRVWV IUHTXHQWO\ GXULQJ WKHLU OLIHWLPH 7KLV
UHSURGXFWLYH PRGH LQ ZKLFK DGXOW IHPDOHV
PDWXUH HJJV WKURXJKRXW WKHLU OLIH LV FDOOHG

V\QRYLJHQ\
 -HUYLV DQG .LGG  7KRPSVRQ
 -HUYLV HW DO  6SHLFHV WKDW SURGXFH
ODUJH\RONULFKRIHJJVDUHJHQHUDOO\V\QRYLJHQLF
&RQVHTXHQWO\ FORVH UHODWLRQVKLSV EHWZHHQ
V\QRYLJHQ\ HJJ PRUSKRORJ\ VL]H \RON HWF DQG
KRVWIHHGLQJ EHKDYLRU ZRXOG DULVH DQG DOO RI WKHVH
FDQ UHIOHFW WR ZKDW GHJUHH DGXOW QXWULWLRQ
FRQWULEXWHV WR IHPDOH UHSURGXFWLRQ -HUYLV DQG
.LGG  -HUYLV HW DO  ([DPLQLQJ WKH
OLQNV EHWZHHQ WKHVH WKUHH UHSURGXFWLYH WUDLWV LV
WKHUHIRUH LPSRUWDQW IRU WKH XQGHUVWDQGLQJ WKH
IXQGDPHQWDOV RI KRVWIHHGLQJ DQG UHSURGXFWLRQ LQ
SDUDVLWRLGV ,Q WKH FXUUHQW VWXG\ ZH H[DPLQH
UHSURGXFWLYH PRGHV LH V\QRYLJHQ\ DV ZHOO DV
UHODWLRQVKLSV EHWZHHQ KRVWIHHGLQJ DQG IHFXQGLW\
LQDSDUDVLWRLGZDVS
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )RU V\QRYLJHQLF KRVWIHHGHUV UHSURGXFWLYH
EHKDYLRU LQ WKH HDUO\ VWDJH RI IHPDOH OLIH PD\
SDUWLFXODUO\ EH LPSRUWDQW ,I IHPDOHV FDQQRW
SURGXFH DQ\ HJJV ZLWKRXW KRVW IRRG KRVWIHHGLQJ
ZRXOG WKHQ SUHFHGH RYLSRVLWLRQ -HUYLV DQG .LGG
 WKH\ XVH WKH ILUVW VHULHV RI KRVWV
HQFRXQWHUHG H[FOXVLYHO\ IRU KRVWIHHGLQJ ,I QHZO\
HFORVHG IHPDOHV FDQ SURGXFH VRPH PDWXUH HJJV
ZLWKRXW KRVWIHHGLQJ WKH\ ZRXOG RYLSRVLW ILUVW
7KH WLPLQJ RI WKH ILUVW KRVWIHHGLQJ PD\ EH
GHWHUPLQHG E\ WKH DPRXQW RI QXWULHQWV WKDW ZHUH
VWRUHG GXULQJ WKH ODUYDO VWDJH 7KXV LQYHVWLJDWLRQ
RI RYLSRVLWLRQ DQG KRVWIHHGLQJ EHKDYLRU LQ WKH
HDUO\ VWDJH RI IHPDOH OLIH LV HVVHQWLDO WR VWXG\LQJ
UHSURGXFWLYHVWUDWHJ\LQSDUDVLWRLGV
7KH VROLWDU\ HQGRSDUDVLWRLG ZDVS Itoplectis
naranyae $VKPHDG +\PHQRSWHUD
,FKQHXPRQLGDH LV D SRO\SKDJRXV VSHFLHV WKDW
DWWDFNV D YDULHW\ RI OHSLGRSWHURXV SXSDH DQG
SUHSXSDH LQFOXGLQJ Chilo suppressalis DQG
Cnaphalocrocis merdinalis *XHQHH ZKLFK DUH
LPSRUWDQW SHVWV LQ ULFH SDGGLHV 7RZQHV HW DO
 <DVXPDWVX DQG :DWDQDEH  8HQR DQG
7DQDND  )HPDOH I. naranyae SURGXFH
UHODWLYHO\ ODUJH \RONULFK HJJV DQG KDYH UHODWLYHO\
IHZ PDWXUH HJJV DW DQ\ RQH WLPH GXULQJ
RYLSRVLWLRQ SHULRGV ,ZDWD  8HQR DQG
7DQDND  3URGXFWLRQ RI VXFK ODUJH \RONULFK
HJJV VKRXOG EH FRVWO\ IRU WKH IHPDOH ZDVS DQG
DGXOW QXWULWLRQ ZRXOG WKHQ EH LPSRUWDQW IRU I.
naranyae 3UHYLRXV VWXGLHV KDYH GHPRQVWUDWHG
WKDW WKLV SDUDVLWRLG LV D KRVWIHHGHU 8HQR 
8HQR DQG 8HQR  OLNH RWKHU PHPEHUV RI
SLPSOLQHSDUDVLWRLGV6DQGODQ 8HQRD
+HUH D VHULHV RI H[SHULPHQWV ZHUH GRQH WR FRQILUP
ZKHWKHU I. naranyae LV D V\QRYLJHQLF SDUDVLWRLG
$OWKRXJK RXU SUHYLRXV VWXG\ KDV VXJJHVWHG WKDW
IHPDOH I. naranyae HFORVH ZLWK QR RU IHZ PDWXUH
HJJV 8HQR DQG 7DQDND  WKH HJJ SURGXFWLRQ
VFKHGXOH LV VWLOO XQNQRZQ 7KHUHIRUH ZH IRFXVHG
RQ UHSURGXFWLYH EHKDYLRU RYLSRVLWLRQ DQG
KRVWIHHGLQJ DQG HJJ SURGXFWLRQ GXULQJ HDUO\
SKDVHV RI WKH DGXOWKRRG 7KH SUHVHQFH RI HJJV LQ
WKH RYDU\ ZDV DOVR H[DPLQHG EHFDXVH LW VWURQJO\
UHIOHFWV HJJ SURGXFWLRQ VWUDWHJ\ RI SDUDVLWRLGV
3ULFH  7R DVVHVV UHODWLRQVKLSV EHWZHHQ
KRVWIHHGLQJ DQG IHFXQGLW\ LQ I. naranyaeZ H
WHVWHG ZKHWKHU IHPDOHV WKDW KDG IHG RQ KRVWV KDG
JUHDWHU HJJ ORDGV WKDQ WKRVH GLG QRW :H GLVFXVV
WKH LPSRUWDQFH RI KRVWIHHGLQJ LQ I. naranyae
UHSURGXFWLRQ DQG LWV UHODWLRQVKLSV ZLWK WKH OLIH
KLVWRU\FKDUDFWHULVWLFV
Materials and Methods
Parasitoid and host
$ ODERUDWRU\ FRORQ\ RI I. naranyae ZDV
HVWDEOLVKHG XVLQJ DGXOW SDUDVLWRLGV FROOHFWHG IURP
7VXNXED DQG )XNXRND &LW\ -DSDQ )HPDOH
SDUDVLWRLGV ZHUH SODFHG LQGLYLGXDOO\ LQ SODVWLF
FRQWDLQHUV  FP LQ GLDPHWHU  FP LQ KHLJKW
WRJHWKHU ZLWK WLVVXH SDSHU VDWXUDWHG ZLWK GLOXWHG
KRQH\ 7KH WLVVXH SDSHU ZDV UHSODFHG WZLFH D ZHHN
WKHUHDIWHU7KHFRQWDLQHUVZHUHNHSWDW&
7KH FRORQ\ ZDV PDLQWDLQHG RQ SXSDH RI D
ODERUDWRU\ KRVW Galleria mellonella /LQQDHXV
/HSLGRSWHUD 3\UDOLGDH +RVW FRFRRQV
FRQWDLQLQJ IUHVK SXSDH ZHUH SUHVHQWHG WR IHPDOH
I. naranyae LQ WKH SODVWLF FRQWDLQHUV 3DUDVLWL]HG
KRVWV ZHUH UHPRYHG IURP WKH FRQWDLQHU DQG KHOG
DW    & XQWLO ZDVS HFORVLRQ 1HZO\ HFORVHG
ZDVSV ZHUH SDLUHG DQG SODFHG LQ WKH SODVWLF
FRQWDLQHUVDQGPDLQWDLQHGDVPHQWLRQHGDERYH
Host-feeding behavior
'LUHFW EHKDYLRUDO REVHUYDWLRQV ZHUH PDGH WR
LQYHVWLJDWH WKH FKDUDFWHULVWLFV RI KRVWIHHGLQJ
EHKDYLRU LQ I. naranyae )RU WKLV SXUSRVH
IHPDOHVRI I. naranyae ZHUHJLYHQDVHULHVRIKRVWV
DW UDQGRP DQG WKHLU UHVSRQVHV WR KRVWV ZHUH
GLUHFWO\ REVHUYHG ,Q VRPH FDVHV IHPDOHV ZHUH
FDUHIXOO\ REVHUYHG XQGHU D ELQRFXODU PLFURVFRSH
WRLQYHVWLJDWHKRVWIHHGLQJEHKDYLRULQGHWDLO
Reproductive behavior in early phases of
adult life
1HZO\ HFORVHG IHPDOHV RI I. naranyae ZHUH
LQGLYLGXDOO\ SODFHG LQ SODVWLF FRQWDLQHUV WRJHWKHU
ZLWK D PDOH 7LVVXH SDSHU VDWXUDWHG ZLWK GLOXWHG
KRQH\ ZDV DOVR SODFHG LQ WKH FRQWDLQHU DQG ZDV
UHSODFHG HYHU\ WZR GD\V WKHUHDIWHU WR SURYLGH
IHPDOHV ZLWK IUHVK IRRG )HPDOHV RI I. naranyae
HFORVH ZLWK QR PDWXUH HJJV DQG KHQFH DUH
UHSURGXFWLYHO\ LQDFWLYH ZKHQ WKH\ DUH ± GD\V
ROG ([SHULPHQWV ZHUH WKHUHIRUH FRQGXFWHG ZLWK 
GD\ROGIHPDOHV
2Q WKH WKLUG GD\ DIWHU IHPDOH HFORVLRQ IHPDOHV IRU
WHVWLQJ ZHUH SURYLGHG ZLWK IUHVK KRVW FRFRRQV IRU
 KRXUV DQG ZHUH DOORZHG IUHH DFFHVV WR WKH KRVWV
+RVWV ZHUH WKHQ UHPRYHG IURP WKH FRQWDLQHU DQG
ZHUH H[DPLQHG XQGHU D ELQRFXODU PLFURVFRSH WR
FRXQW WKH RYLSRVLWLRQ DQG KRVWIHHGLQJ KROHV OHIW
E\ IHPDOHV +ROHV PDGH E\ WKH RYLSRVLWRU ZHUH
HDVLO\ GHWHFWHG RQ WKH VXUIDFH RI D KRVW SXSD 7R
GHWHUPLQH ZKHWKHU WKH KRVWV KDG EHHQ IHG RQ QRWH
ZDV WDNHQ ZKHWKHU KHPRO\PSK H[XGHG IURP
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KRVWV :KHQ FRQVSLFXRXV PDUNV RI KRVW ERG\ IOXLG
H[XGDWLRQ ZHUH REVHUYHG RQ D KRVW LW ZDV
FODVVLILHG DV D µIHG¶ KRVW 7KLV SURFHGXUH ZDV
UHSHDWHG IRU  FRQVHFXWLYH GD\V DQG WKXV D ±GD\
H[SHULPHQWDO SHULRG ZDV XVHG IRU HDFK WHVW
IHPDOH
$IWHU WKH H[SHULPHQWDO SHULRG IRUHZLQJ OHQJWK RI
WHVW IHPDOHV ZDV PHDVXUHG XQGHU D ELQRFXODU
PLFURVFRSH WR XVH DV DQ LQGH[ RI IHPDOH VL]H ,Q
DOO  IHPDOHV ZHUH XVHG LQ WKH H[SHULPHQW DQG
QR WHVW IHPDOHV GLHG GXULQJ WKH H[SHULPHQWDO
SHULRG
Egg production in early phases of adult life
7KLV H[SHULPHQW ZDV FDUULHG RXW WR H[DPLQH HJJ
SURGXFWLRQ SDWWHUQV GXULQJ WKH HDUO\ VWDJH RI
IHPDOH OLIH )HPDOH ZDVSV DJHG      DQG 
GD\V ROG ZHUH GLVVHFWHG XQGHU D ELQRFXODU
PLFURVFRSH &KDQJHV LQ WKH FRQWHQWV RI WKH RYDU\
DQG RYDULROHV ZHUH REVHUYHG DQG WKH QXPEHU RI
PDWXUH DQG LPPDWXUH HJJV D IHPDOH FDUULHG ZHUH
FRXQWHG (JJV WKDW ZHUH ZHOO IRUPHG ZLWK D
VPRRWK VXUIDFH ZHUH FDWHJRUL]HG DV PDWXUH HJJV
DQG RWKHUV ZLWK D URXJK VXUIDFH RU DWWDFKHG E\
QXUVH FHOOV DV LPPDWXUH HJJV )HPDOHV ZHUH
SURYLGHG ZLWK WLVVXH SDSHU VDWXUDWHG ZLWK D
GLOXWHG KRQH\ EXW ZHUH QRW DOORZHG DFFHVV WR
KRVWV (LJKW\ILYH IHPDOHV ZHUH XVHG LQ WKLV
H[SHULPHQW
Egg maturation delay
7R H[DPLQH WKH WLPH UHTXLUHG WR FRQYHUW LQJHVWHG
KRVW PDWHULDOV WR HJJV WKH QXPEHU RI HJJV WKDW
IHPDOHV FDUULHG ZDV FRPSDUHG EHWZHHQ IHPDOHV
WKDW IHG RQ KRVWV DQG WKRVH KDG QRW IHG 1DwYH
IHPDOHV DJHG  GD\V ROG ZHUH DOORZHG WR DWWDFN 
KRVWV IRU  KRXUV (DFK IHPDOH ZDV FDWHJRUL]HG E\
ZKHWKHU LW KDG RYLSRVLWHG LQ KRVWV RU IHPDOHV WKDW
KDG RYLSRVLWHG DQG KRVW IHG $IWHU  GD\V IHPDOHV
ZHUH GLVVHFWHG WR FRXQW WKH QXPEHU RI PDWXUH
HJJV WKDW WKH\ FDUULHG /LNHZLVH WKH QXPEHU RI
PDWXUH HJJV ZDV FRPSDUHG EHWZHHQ IHPDOHV WKDW
KDG KRVW IHG  GD\V SUHYLRXVO\ DQG WKRVH QRW ,Q
WKLV H[SHULPHQW  DQG  IHPDOHV UHVSHFWLYHO\
ZHUHXVHGIRUGLVVHFWLRQ
Voucher specimens
6SHFLPHQV RI I. naranyae XVHG LQ WKH SUHVHQW
VWXG\ ZHUH GHSRVLWHG DW WKH ,QVWLWXWH RI %LRORJLFDO
&RQWURO.\XVKX8QLYHUVLW\
Statistical analyses
6WDWLVWLFDO WUHDWPHQWV ZHUH PDGH ZLWK WKH DLG RI
6WDWYLHZ6$6,QVWLWXWHDQG-036$6
,QVWLWXWH  1RUPDOLW\ KDG EHHQ FKHFNHG
EHIRUH SDUDPHWULF SURFHGXUHV ZHUH DSSOLHG :KHQ
QRUPDOLW\ RI WKH GDWD ZDV QRW VDWLVILHG
QRQSDUDPHWULF VWDWLVWLFDO WUHDWPHQWV ZHUH XVHG
3DLUHG t WHVWVZKHUHDSSURSULDWHZHUHDOVRXVHG
Results
Host-feeding behavior
8SRQ IHHGLQJ RQ D KRVW IHPDOH I. naranyae
PRVWO\ XVHG WKH RYLSRVLWRU WR PDNH KROHV LQ WKH
LQWHJXPHQW RI WKH KRVW WR H[WUDFW KRVW IOXLGV $IWHU
WKUXVWLQJ LQWR D KRVW ZLWK WKH RYLSRVLWRU WKH
IHPDOH PRYHG KHU RYLSRVLWRU LQ D FLUFXODU ZD\
WKHUHE\ PDNLQJ HQODUJLQJ WKH KROH LQ WKH KRVW WKDW
IDFLOLWDWHG KRVW IOXLGV H[XGLQJ IURP WKH KROH 7KH
IHPDOH WKHQ FRQVXPHG WKH IOXLGV 7KLV VHULHV RI
EHKDYLRUV ZDV UHSHDWHG &RQVHTXHQWO\ KRVWV WKDW
KDG EHHQ IHG RQ ZHUH KHDYLO\ GDPDJHG ZLWK
FRQVSLFXRXV PDUNV RI PXOWLSOH FXWLFOH
SHQHWUDWLRQV 7KXV KRVWIHHGLQJ W\SH RI I.
naranyae ZDV FDWHJRUL]HG DV 
GHVWUXFWLYH

sensu-HUYLV DQG .LGG  )HPDOHV
RFFDVLRQDOO\ VLSSHG KRVW IOXLGV H[XGHG IURP WKH
RYLSRVLWLRQ KROH DIWHU RYLSRVLWLRQ ZKLFK ZDV QRW
IROORZHG E\ D W\SLFDO FLUFXODU PRYHPHQW RI WKH
DEGRPHQ ,Q WKLV FDVH KRVWV ZHUH QRW GDPDJHG
DQG LQ WKLV VHQVH WKLV W\SH RI IHHGLQJ FRXOG EH
UHJDUGHG DV QRQGHVWUXFWLYH KRVWIHHGLQJ 2QO\
GHVWUXFWLYH W\SHV RI KRVWIHHGLQJ ZHUH DQDO\]HG LQ
WKH IROORZLQJ H[SHULPHQWV EHFDXVH LW ZDV GLIILFXOW
WR H[DPLQH ZKHWKHU KRVWV KDG EHHQ XVHG IRU
QRQGHVWUXFWLYHKRVWIHHGLQJ
Reproduction behavior in early phases of
adult life
2YLSRVLWLRQ DQG KRVWIHHGLQJ DFWLYLW\ RI IHPDOH I.
naranyae GHSHQGHG VWURQJO\ RQ IHPDOH DJH Ƶ
WHVW 1    Ƶ    3   IRU SURSRUWLRQ
RI IHPDOHV RYLSRVLWHG Ƶ    3   IRU
SURSRUWLRQ RI IHPDOHV KRVWIHG 7KH SURSRUWLRQ RI
IHPDOHV WKDW RYLSRVLWHG DQG WKRVH KRVWIHG TXLFNO\
LQFUHDVHG ZLWK LQFUHDVLQJ IHPDOH DJH )LJXUH 
/HVV WKDQ  RI IHPDOHV RYLSRVLWHG LQ KRVWV
ZKHQ WKH\ ZHUH  GD\V ROG EXW E\ WKH WK GD\ DOO
IHPDOHV KDG RYLSRVLWHG )LJXUH  7KH UHVXOWV
VXJJHVW D  WR GD\SUHRYLSRVLWLRQDO SHULRG LQ I.
naranyae
$PRQJ  WHVW IHPDOHV  IHPDOHV RYLSRVLWHG DQG
KRVWIHG IRU WKH ILUVW WLPH RQ WKH VDPH GD\ 7KH
UHPDLQLQJ IHPDOHV VWDUWHG WR KRVW IHHG D IHZ GD\V
DIWHU WKH ILUVW RYLSRVLWLRQ 7KH PHDQ QXPEHU RI
GD\V WKDW IHPDOHV RYLSRVLWHG DQG KRVWIHG IRU WKH
ILUVW WLPH ZHUH     6( DQG   
 6( UHVSHFWLYHO\ )LJXUH  $ SDLUHG tWHVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 13URSRUWLRQVRIIHPDOHVWKDWRYLSRVLWHGDERYHDQGWKRVHWKDWKRVWIHGEHORZLQUHODWLRQWRIHPDOHDJH
7KHSURSRUWLRQVGLIIHUHGDPRQJWKHDJHFODVVHVƵ WHVW3
Figure 27KHILUVWGD\ZKHQLQGLYLGXDOIHPDOHVRYLSRVLWHGDERYHDQGKRVWIHGEHORZGXULQJWKHHDUO\VWDJHRI
WKHLUOLIH+RVWIHHGLQJIROORZHGE\RYLSRVLWLRQ0HDQGD\VGLIIHUHGVLJQLILFDQWO\EHWZHHQWKHWZRW\SHVRIEHKDYLRU
3DLUHGWWHVW3'DWDZHUHVKRZQDVPHDQV6(
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 35HODWLRQVKLSEHWZHHQWKHILUVWGD\VRIRYLSRVLWLRQDQGKRVWIHHGLQJ5HJUHVVLRQZDVVLJQLILFDQW3
)HPDOHVWKDWKDGRYLSRVLWHGHDUOLHUIHGRQKRVWVHDUOLHULQWKHLUOLIHWLPH
Figure 45HODWLRQVKLSEHWZHHQGD\VVLQFHWKHILUVWKRVWIHHGLQJDQGWKHQXPEHURIKRVWPHDOV IHHGLQJHYHQWV
5HJUHVVLRQREWDLQHGZDVVLJQLILFDQW3)HPDOHVIUHTXHQWO\IHGRQKRVWVGXULQJWKHHDUO\VWDJHRIWKH
OLIHWLPH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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DERYHDQGKRVWIHGEHORZ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Figure 65HODWLRQVKLSEHWZHHQWKHQXPEHURIKRVWVSDUDVLWL]HGDQGWKRVHIHGRQ5HJUHVVLRQDQDO\VLV3
)HPDOHVWKDWKDGRYLSRVLWHGLQPRUHKRVWVIHGRQPRUHKRVWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 75HODWLRQVKLSEHWZHHQIHPDOHDJHDQGWKHQXPEHURIPDWXUHHJJVHDFKIHPDOHFDUULHGLQWKHRYDU\
)HPDOHVHFORVHGZLWKQRPDWXUHHJJVDQGWKHQXPEHURIHJJVLQFUHDVHGZLWKLQFUHDVLQJIHPDOHDJH.HQGDOO¶VUDQN
FRUUHODWLRQWHVW3'DWDZHUHVKRZQDVPHDQV6(
UHYHDOHG WKDW WKHVH GLIIHUHQFHV ZHUH VLJQLILFDQW t
  ï 3   7KLV UHVXOW GHPRQVWUDWHV
WKDW KRVWIHHGLQJ ZDV JHQHUDOO\ IROORZHG E\
RYLSRVLWLRQ IRU HDFK IHPDOH 7KXV IHPDOHV XVHG DW
OHDVW WKH ILUVW VHYHUDO KRVWV IRU RYLSRVLWLRQ
SXUSRVHVRQO\
7KH UHVXOWV VXPPDUL]HG LQ )LJXUH  DQG  VKRZHG
WKDW WKHUH ZDV JUHDW YDULDWLRQ LQ WKH LQLWLDWLRQ RI
RYLSRVLWLRQ DQG KRVWIHHGLQJ DPRQJ IHPDOHV
$FFRUGLQJO\ WKH UHODWLRQVKLS EHWZHHQ WKH ILUVW
GD\ RI RYLSRVLWLRQ DQG KRVWIHHGLQJ ZDV
H[DPLQHG $ SRVLWLYH UHODWLRQVKLS ZDV GHWHFWHG
EHWZHHQ WKH WZR HYHQWV 5HJUHVVLRQ DQDO\VLV 1  
 r    )    3    )LJXUH 
7KHUHIRUH IHPDOHV WKDW VWDUWHG WR RYLSRVLW HDUOLHU
EHJDQWRIHHGRQKRVWVHDUOLHU
'XULQJ WKH HDUO\ SKDVH RI IHPDOH OLIH I. naranyae
IUHTXHQWO\ IHG RQ KRVWV 7KH QXPEHU RI KRVWV WKDW
KDG EHHQ IHG XSRQ E\ D IHPDOH LQFUHDVHG VLQFH WKH
ILUVW KRVWIHHGLQJ HYHQW WKHUH ZDV D SRVLWLYH
UHODWLRQVKLS EHWZHHQ WKH QXPEHU RI KRVWV IHG RQ
DQG WKH GD\ VLQFH WKH ILUVW KRVWIHHGLQJ
5HJUHVVLRQ DQDO\VLV 1    r    )   
3   )LJXUH  7KH SUHVHQW UHVXOW
GHPRQVWUDWHV WKDW IHPDOHV FRQWLQXRXVO\ XVH D
FHUWDLQ QXPEHU RI KRVWV IRU KRVWIHHGLQJ GXULQJ
WKH HDUO\ VWDJH RI IHPDOH OLIH SUREDEO\
DFFXPXODWLQJQXWULHQWVIRUIXWXUHHJJSURGXFWLRQ
7KH WRWDO QXPEHUV RI KRVWV XVHG IRU RYLSRVLWLRQ
DQG KRVWIHHGLQJ YDULHG JUHDWO\ DPRQJ WHVW
IHPDOHV )LJXUH  $FFRUGLQJO\ WKH UHODWLRQVKLS
EHWZHHQ WKH QXPEHU RI KRVW IHG RQ DQG WKDW RI
KRVWV SDUDVLWL]HG ZDV DQDO\]HG 7KHUH ZDV D
VWURQJ SRVLWLYH UHODWLRQVKLS EHWZHHQ WKH QXPEHU
RI RYLSRVLWLRQ DQG KRVWIHHGLQJ HYHQWV
5HJUHVVLRQ DQDO\VLV 1    r    W    3
  )LJXUH  7KLV VXJJHVWHG WKDW WKH
PRUH WKH IHPDOH RYLSRVLWHG WKH PRUH KRVWV VKH
IHG RQ GHPRQVWUDWLQJ D FORVH UHODWLRQVKLS
EHWZHHQ RYLSRVLWLRQ DQG KRVWIHHGLQJ DFWLYLWLHV LQ
I. naranyae
7R DVVHVV KRZ PDQ\ WLPHV D IHPDOH SHQHWUDWHG
WKH FXWLFOH GXULQJ KRVWIHHGLQJ WKH QXPEHUV RI
KROHV PDGH ZLWK WKH RYLSRVLWRU ZHUH FRPSDUHG
EHWZHHQ RYLSRVLWHG DQG IHG KRVWV $ :LOFR[RQ¶V
WHVW VKRZHG WKH QXPEHUV RI KROHV ZHUH JUHDWHU LQ
IHG KRVWV WKDQ RYLSRVLWHG KRVWV PHDQ  6(  
 YHUVXV    Ƶ    3   7KLV
VXJJHVWHG WKDW WKH\ GULOO LQWR KRVWV ± WLPHV
GXULQJHDFKKRVWIHHGLQJHYHQW
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
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Egg production in early phases of adult life
7KH GLVVHFWLRQ UHYHDOHG WKDW D IHPDOH RI I.
naranyae KDG ± RYDULROHV DQG HFORVHG ZLWK
QR PDWXUH HJJV LQ KHU RYDU\ )LJXUH  1R
DFFXPXODWLRQ RI \RON ZDV REVHUYHG LQ RYDULROHV RI
QHZO\ HFORVHG IHPDOHV +RZHYHU RRF\WHV TXLFNO\
VWDUWHG WR GHYHORS DIWHU DGXOW HFORVLRQ DQG HDFK RI
RYDULROHV FRQWDLQHG DW OHDVW RQH GHYHORSLQJ RRF\WH
LH LPPDWXUH HJJ RU RQH PDWXUH RRF\WH PDWXUH
HJJ $FFRUGLQJO\ WKH QXPEHU RI PDWXUH HJJV SHU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IHPDOH LQFUHDVHG DV IHPDOHV DJHG .HQGDOO
V UDQN
FRUUHODWLRQ WHVW 3   )HPDOHV FDUULHG ±
PDWXUH HJJV LQ WKH RYDU\ E\  GD\V DIWHU HFORVLRQ
)LJXUH
Egg maturation delay
7KH GLVVHFWLRQ UHYHDOHG WKDW WKH QXPEHU RI
PDWXUH HJJV GLG QRW GLIIHU EHWZHHQ IHPDOHV WKDW
KDG IHG RQ D KRVW  GD\V SUHYLRXVO\ DQG WKRVH QRW
IHG )LJXUH D PHDQ HJJV    YHUVXV  
 $129$ )    3    +RZHYHU
IHPDOHV WKDW KDG IHG RQ D KRVW  GD\V SUHYLRXVO\
FDUULHG PRUH PDWXUH HJJV WKDQ WKRVH QRW IHG 
GD\V SUHYLRXVO\ )LJXUH E PHDQ HJJV   
YHUVXV    $129$ )    3   
+RVWIHHGLQJ WKHUHIRUH DOORZHG IHPDOH I.
naranyae WR SURGXFH DGGLWLRQDO HJJV EXW WKHUH
ZDV D WLPH GHOD\ EHWZHHQ WKH IHHGLQJ HYHQW DQG
WKHSURGXFWLRQRIQHZHJJV
Discussion
Synovigeny and life history traits of I.
naranyae
7KH SUHVHQW REVHUYDWLRQV LQGLFDWH WKDW I.
naranyae LV W\SLFDOO\ V\QRYLJHQLF )LJXUH 
3UHYLRXV UHVHDUFK KDV VXJJHVWHG WKDW 
V\QRYLJHQ\

LV RIWHQ OLQNHG E\ D QXPEHU RI UHSURGXFWLYH DQG
OLIH KLVWRU\ WUDLWV RI SDUDVLWRLGV WKRXJK WKHUH DUH
PDQ\ H[FHSWLRQV -HUYLV DQG .LGG  -HUYLV HW
DO7KHVHWUDLWVLQFOXGH
 production of relatively large, yolk-rich
eggs
 UHODWLYHO\ORZIHFXQGLW\DWDQ\RQHWLPH
 UHODWLYHO\ORQJOLIHVSDQ
 ORZ RYLSRVLWLRQ DFWLYLW\ LQ WKH HDUOLHVW VWDJH RI
IHPDOH OLIH DQG WKH VXEVHTXHQW LQFUHDVH LQ
RYLSRVLWLRQ DFWLYLW\ ZKLFK FDQ UHPDLQ
VWDEOHWKHUHDIWHU
 KRVWIHHGLQJEHKDYLRU
I. naranyae KDV DOO RI WKHVH WUDLWV )LUVW I.
naranyae SURGXFHG UHODWLYHO\ ODUJH \RON ULFK
HJJV ,Q I. naranyae DOO DGXOW IHPDOH ZDVSV
HFORVHG ZLWK QR PDWXUH DQG LPPDWXUH HJJV
3KRWR D DQG VWDUWHG WR SURGXFH HJJV DIWHU
HFORVLRQ )LJXUH  6HFRQG WKH IHFXQGLW\ RI I.
naranyae ZDV ORZ 8HQR  7KLUG LW KDV D
UHODWLYHO\ ORQJ OLIH VSDQ IHPDOH ORQJHYLW\ ZDV
DURXQG RQH DQG KDOI PRQWKV DW & 8HQR DQG
7DQDND  ,Q DGGLWLRQ WKH SUHVHQW VWXG\
VKRZHG WKH SUHVHQFH RI D SUHRYLSRVLWLRQ SHULRG LQ
I. naranyae RYLSRVLWLRQ ZDV ORZ LQ WKH HDUOLHVW
VWDJH RI IHPDOH OLIH DQG VXEVHTXHQWO\ LQFUHDVHG
ZLWK LQFUHDVLQJ IHPDOH DJH )LJXUH  I. naranyae
LVDKRVWIHHGHU
7KH UHSURGXFWLYH EHKDYLRU LQ I. naranyae VWURQJO\
GHSHQGHG RQ IHPDOH DJH )LJXUH  8QWLO WK GD\
DIWHU IHPDOH HFORVLRQ DOO WHVW IHPDOHV DWWDFNHG DQG
RYLSRVLWHG LQ KRVWV 7KH EHKDYLRUDO SDWWHUQ LV ZHOO
FRQVLVWHQW ZLWK WKH FKDQJH LQ WKH QXPEHU RI
PDWXUH HJJV LQ WKH RYDU\ )LJXUH  LQGLFDWLQJ D
FORVH OLQN EHWZHHQ UHSURGXFWLYH EHKDYLRU DQG
RYDULDQGHYHORSPHQW
(JJ PDWXUDWLRQ SDWWHUQV DUH KLJKO\ GLYHUVH DPRQJ
SDUDVLWRLG VSHFLHV UDQJLQJ IURP SURRYLJHQLF
WKURXJK ZHDNO\ V\QRYLJHQLF WR H[WUHPHO\
V\QRYLJHQLF -HUYLV HW DO  %HFDXVH WKH
IHPDOH FDUULHV QR PDWXUH HJJV DW HFORVLRQ WKH
RYLJHQ\ LQGH[ VHH -HUYLV HW DO  IRU I.
naranyae LV  WKXV WKLV SDUDVLWRLG LV SODFHG DV
µH[WUHPHO\¶ V\QRYLJHQLF $IWHU HFORVLRQ HJJ ORDGV
RI I. naranyae TXLFNO\ LQFUHDVHG HYHQ ZKHQ KRVWV
KDG QRW EHHQ SURYLGHG )LJXUH  )HPDOH I.
naranyae LV WKHUHIRUH DEOH WR SURGXFH PDWXUH
HJJV IURP QXWULWLRQDO UHVHUYHV WKDW DUH DFTXLUHG
GXULQJ WKH ODUYDO VWDJH 7KLV LQ WXUQ HQDEOHV WKH
IHPDOH WR RYLSRVLW LQ WKH ILUVW VHYHUDO KRVWV
HQFRXQWHUHG GXULQJ WKH HDUO\ VWDJH RI KHU OLIH $V D
UHVXOW RYLSRVLWLRQ SUHFHGHV KRVWIHHGLQJ LQ I.
naranyae )LJXUH
$OWKRXJK I. naranyae LV D V\QRYLJHQLF VSHFLHV
ZKLFK W\SLFDOO\ H[KLELWV WKH ILYH OLIH KLVWRU\ WUDLWV
PHQWLRQHG DERYH WKHUH DUH D QXPEHU RI
V\QRYLJHQLF SDUDVLWRLGV WKDW ODFN VXFK WUDLWV )RU
H[DPSOH DQ LFKQHXPRQLG Venturia canescensL V
D QRQKRVWIHHGLQJ VSHFLHV ZKLFK SURGXFHV D
ODUJH QXPEHU RI VPDOO \RONOHVV HJJV 7KLV
SDUDVLWRLG KRZHYHU LV KLJKO\ V\QRYLJHQLF +DUYH\
HW DO  (OLRSRXORV HW DO  /LNHZLVH WKH
RYLJHQ\ LQGH[ RI WKH LFKQHXPRQLG Bathyplectes
anurus LV FODVVLILHG DV  EXW LW LV D QRQKRVW IHHGHU
DQG FDQ SURGXFH PDQ\ VPDOO HJJV 'RZHOO DQG
+RUQ  7KHVH WZR SDUDVLWRLGV DUH
NRLQRELRQWV LQ ZKLFK KRVWV DUH DOORZHG WR
FRQWLQXH WKH GHYHORSPHQW DIWHU SDUDVLWLVP
%HFDXVH HJJV RI VXFK NRLQRELRQWV FDQ DEVRUE
QXWULHQWV UHTXLUHG IRU HPEU\RJHQHVLV IURP WKH
KRVW IHPDOHV LQYHVW RQO\ D VPDOO DPRXQW RI
UHVRXUFH WR HDFK HJJ DQG SURGXFWLRQ RI PDQ\
HJJV LV WKHUHE\ SRVVLEOH ZLWKRXW KRVWIHHGLQJ
7KXV WKH VWUDWHJ\ RI HJJ SURGXFWLRQ LQ SDUDVLWRLGV
LV KLJKO\ GLYHUVH DQG FRUUHODWLRQV DPRQJ OLIH
KLVWRU\ WUDLWV PD\ RU PD\ QRW DULVH GHSHQGLQJ RQ
GHYHORSPHQW PRGH LH NRLQRELRQW YHUVXV
LGLRELRQW DYDLODELOLW\ RU DEXQGDQFH RI KRVWV WKH
VL]H DQG QXWULWLRQDO TXDOLW\ RI KRVWV HWF HJ
-HUYLVHWDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Importance of host-feeding in I. naranyae
reproduction
7KH SUHVHQW VWXG\ KDV VKRZQ WKH VLJQLILFDQFH RI
KRVWIHHGLQJ LQ IHPDOH UHSURGXFWLRQ LQ I.
naranyae )LUVW D KLJKO\ SRVLWLYH FRUUHODWLRQ ZDV
GHWHFWHG EHWZHHQ WKH QXPEHU RI RYLSRVLWLRQ
HYHQWV DQG KRVWIHHGLQJ )LJXUH  7KH UHVXOW
VKRZV D FORVH OLQN EHWZHHQ RYLSRVLWLRQ DQG
KRVWIHHGLQJ DFWLYLWLHV LQ I. naranyae 6HFRQG
IHPDOHV WKDW KDG IHG RQ D KRVW  GD\V SUHYLRXVO\
FDUULHG D JUHDWHU QXPEHU RI PDWXUH HJJV WKDQ
QRQIHG FRQWUROV )LJXUH  7KHVH UHVXOWV
GHPRQVWUDWH WKDW KRVWIHHGLQJ IDFLOLWDWHV HJJ
SURGXFWLRQ
,Q V\QRYLJHQLF SDUDVLWRLGV DGXOW QXWULWLRQ LV
NQRZQ WR LQIOXHQFH SURGXFWLRQ RI HJJV HJ
0RUDOHV5DPRV HW DO  +HLPSHO HW DO 
8HQR  +DUYH\ HW DO  +RVWIHHGLQJ LV
DFFHSWHG DV D PDMRU PHDQV RI REWDLQLQJ SURWHLQV
IRU HJJ SURGXFWLRQ SDUWLFXODUO\ IRU V\QRYLJHQLF
VSHFLHV WKDW SURGXFH UHODWLYHO\ ODUJH \RONULFK
HJJV -HUYLV DQG .LGG  +HLPSHO DQG &ROOLHU
 7KRPSVRQ  7KLV DOVR DSSHDUV WR EH
WKHFDVHIRU I. naranyae
$OWKRXJK KRVWIHHGLQJ LV DQ LPSRUWDQW PHDQV RI
REWDLQLQJ QXWULHQWV IRU HJJ SURGXFWLRQ LQ I.
naranyae LW DOVR LQFXUV D UHSURGXFWLYH FRVW E\
KRVWIHHGLQJ %HKDYLRUDO REVHUYDWLRQV KDYH VKRZQ
WKDW I. naranyae REWDLQ KRVW ERG\ IOXLGV E\
LPELELQJ WKH IOXLGV H[XGLQJ DIWHU UHSHDWHG
RYLSRVLWRU GULOOLQJV 7KLV LV W\SLFDOO\ 
GHVWUXFWLYH

KRVWIHHGLQJ -HUYLV DQG .LGG  LQ IDFW KRVWV
DUH KHDYLO\ GDPDJHG DQG EHFRPH XQVXLWDEOH IRU
RYLSRVLWLRQ 8HQR  $V D UHVXOW IHPDOHV ORVH
VRPH SRWHQWLDO RYLSRVLWLRQ VLWHV LH KRVW E\
IHHGLQJ RQ WKHP +RZHYHU KRVWIHHGLQJ DOORZHG
IHPDOHV WR SURGXFH DGGLWLRQDO HJJV )LJXUH 
7KXV E\ IHHGLQJ RQ D KRVW IHPDOHV ORVH WKH
FXUUHQW RSSRUWXQLW\ IRU RYLSRVLWLRQ EXW JDLQ
UHVRXUFHVWREHXVHGIRUIXWXUHUHSURGXFWLRQ
Host-feeding and reproduction in early
stages of female life
7KH SUHVHQW VWXG\ KDV IRFXVHG RQ KRVWIHHGLQJ
DQG UHSURGXFWLRQ LQ HDUO\ VWDJHV RI IHPDOH OLIH LQ I.
naranyae 7R GDWH OLWWOH LV NQRZQ DERXW
SDUDVLWRLG KRVWIHHGLQJ LQ WKH HDUOLHVW VWDJH RI
IHPDOH OLIHWLPH +RZHYHU LQYHVWLJDWLRQ RI WKLV
ZRXOG SURYLGH VRPH LPSRUWDQW LQVLJKWV LQWR
UHSURGXFWLYHVWUDWHJLHVRISDUDVLWRLGV
)HPDOH I. naranyae FDQ SURGXFH DW OHDVW  HJJV
ZLWKRXW KRVWIHHGLQJ XVLQJ QXWULHQWV VWRUHG
GXULQJ WKH ODUYDO VWDJH 8HQR DQG 8HQR SHUVRQDO
REVHUYDWLRQV ,W LV WKHUHIRUH OLNHO\ WKDW IHPDOHV
XVH WKH ILUVW  KRVWV HQFRXQWHUHG GXULQJ WKH
HDUO\ VWDJH RI WKHLU OLIH H[FOXVLYHO\ IRU RYLSRVLWLRQ
SXUSRVHV 1HYHUWKHOHVV HYLGHQFH ZDV IRXQG WKDW
WKH PDMRULW\ RI IHPDOHV XVHG VRPH KRVWV IRU
IHHGLQJ SXUSRVHV LQ WKH HDUO\ VWDJH RI WKHLU
OLIHWLPH GXULQJ ZKLFK WKH\ ODLG UHODWLYHO\ IHZ HJJV
+RVWIHHGLQJ FDXVHV GLUHFW PRUWDOLW\ RI KRVWV
EHFDXVH WKH KRVWV DUH UHSHDWHGO\ DWWDFNHG ZLWK WKH
RYLSRVLWRU DQG KRVWV XVHG IRU KRVWIHHGLQJ DUH
KHQFH XQVXLWDEOH IRU RYLSRVLWLRQ LQ I. naranyae
8HQR  ,W PLJKW EH GLIILFXOW WR DGDSWLYHO\
H[SODLQ ZK\ IHPDOHV XVH VRPH KRVWV IRU
KRVWIHHGLQJ EHIRUH WKH\ VSHQG DOO QXWULWLRQDO
UHVHUYHV FDUULHG RYHU IURP WKH ODUYDO VWDJH
+RZHYHU WKH WLPH GHOD\ EHWZHHQ KRVWIHHGLQJ
HYHQWV DQG HJJ PDWXUDWLRQ FRXOG EH DQ
H[SODQDWLRQ &ROOLHU E 2XU VWXG\ KDV
GHPRQVWUDWHG WKDW LW WDNHV DW OHDVW  GD\V WR
FRQYHUW LQJHVWHG KRVW PDWHULDOV WR PDWXUH HJJV
)LJXUH  7KH SUHVHQFH RI WKH WLPH GHOD\
LQGLFDWHV WKDW IHPDOHV KDYH WR KRVW IHHG DW OHDVW 
GD\V HDUOLHU EHIRUH WKH\ ZLOO DIIHFW HJJ
GHYHORSPHQW +RVWIHHGLQJ DIWHU HJJ H[KDXVWLRQ
VKRXOG UHVXOW LQ  GD\V ORVV RI WLPH GXULQJ ZKLFK
IHPDOHV FDQQRW VHDUFK IRU KRVWV WR RYLSRVLW LQ
EHFDXVH QR PDWXUH HJJV DUH DYDLODEOH 7KXV WKH
WLPLQJ RI KRVWIHHGLQJ FRXOG EH LQIOXHQFHG E\ WKH
SUHVHQFH RI WKH HJJ PDWXUDWLRQ GHOD\ 7R RXU
NQRZOHGJH IHZ VWXGLHV KDYH H[DPLQHG WKH WLPH
UHTXLUHG IRU FRQYHUWLQJ KRVWIHHGLQJ PHDO WR
PDWXUH HJJV +RZHYHU WKLV NQRZOHGJH LV HVVHQWLDO
WR XQGHUVWDQGLQJ WKH RSWLPDO WLPLQJ RI
KRVWIHHGLQJ GXULQJ IHPDOH OLIHWLPH &ROOLHU
E
7KH DOWHUQDWLYH H[SODQDWLRQ LV WKDW IHPDOH I.
naranyae PD\ IHHG RQ KRVWV WR JDLQ PDWHULDOV QRW
RQO\ IRU HJJ SURGXFWLRQ EXW DOVR IRU PDLQWHQDQFH
DQG HQHUJ\ IRU DFWLYLW\ ,I KRVWIHHGLQJ SURYLGHV
WKH IHPDOH ZLWK DQ HVVHQWLDO PHDQV RI JDLQLQJ
QXWULHQWV IRU PDLQWDLQLQJ LWV OLIH LW ZRXOG
FRQWLQXRXVO\ XVH D SURSRUWLRQ RI KRVWV IRU IHHGLQJ
SXUSRVHV WKURXJKRXW KHU OLIH VHH -HUYLV DQG .LGG
 &KDQ DQG *RGIUD\  +RVWIHHGLQJ FDQ
HQKDQFH SDUDVLWRLG ORQJHYLW\ DW OHDVW LQ VHYHUDO
VSHFLHV +HLPSHO HW DO  /DX]LHUH HW DO 
3HUH]5DFKDXG DQG +DUG\  *LURQ HW DO
 EXW QRW IRU RWKHUV 0RUDOHV5DPRV HW DO
 +HLPSHO HW DO  8HQR D =DYLH]R
DQG 0LOOV  ,W LV QRW NQRZQ ZKHWKHU
KRVWIHHGLQJ SOD\V D UROH LQ HQKDQFLQJ IHPDOH
ORQJHYLW\RI I. naranyae
,Q DQ\ FDVH IHPDOH I. naranyae DSSHDU WR
DFFXPXODWH QXWULHQWV GXULQJ WKH HDUO\ SKDVH RI
KHU OLIH 5HFHQW VWXGLHV KDYH VKRZQ WKDW RWKHU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IHPDOH SDUDVLWRLGV FDQ DOORFDWH WR UHSURGXFWLRQ
QXWULHQWV JDLQHG HDUO\ LQ IHPDOH OLIH 5LYHUR DQG
&DVDV  )DGDPLUR DQG +HLPSHO  5LYHUR
HW DO  $OWKRXJK LW LV QRW NQRZQ ZKHWKHU I.
naranyae FDQ VWRUH QXWULHQWV JDLQHG YLD
KRVWIHHGLQJ RYHU D UHODWLYHO\ ORQJ WLPH WR SURGXFH
HJJV LQ ODWHU VWDJHV RI WKH OLIH WKLV LV OLNHO\ WR EH
WKHFDVHIRU I. naranyae
&XULRXVO\ FRQVLGHUDEOH YDULDWLRQ ZDV REVHUYHG
IRU WKH WLPLQJ RI IHPDOHV WR EHJLQ RYLSRVLWLRQ DQG
KRVWIHHGLQJ )LJXUH  $ SRVLWLYH UHODWLRQVKLS
EHWZHHQ WKH WLPLQJ RI WKH ILUVW RYLSRVLWLRQ DQG
KRVWIHHGLQJ VXJJHVWV WKDW IHPDOHV WKDW VWDUWHG
RYLSRVLWLRQ HDUOLHU VWDUWHG WR KRVW IHHG HDUOLHU
+RZHYHU WKLV UHODWLRQVKLS H[SODLQV RQO\ D  RI
WKH YDULDWLRQ LQ WKH WLPLQJ RI KRVWIHHGLQJ )LJXUH
 2WKHU XQNQRZQ IDFWRUV DUH WKXV LQYROYHG $
SRVVLEOH IDFWRU LV SK\VLRORJLFDO VWDWH RI WKH
RYLSRVLWLQJ IHPDOH ,W LV NQRZQ WKDW IHPDOH
SDUDVLWRLGV DUH PRUH OLNHO\ WR IHHG RQ KRVWV ZKHQ
HJJ ORDGV DUH VPDOOHU &ROOLHU HW DO  +HLPSHO
et al  8HQR E 7KH GLIIHUHQFH LQ HJJ
ORDG DPRQJ IHPDOHV PD\ GHWHUPLQH WKH WLPLQJ RI
WKHILUVWKRVWIHHGLQJGXULQJWKHLUOLIHWLPH
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